We examined the effects of voluntary (16 weeks of wheel running) and forced (16 weeks of treadmill running) exercise on memory-related behavior, hippocampal volume, thioflavine-stained plaque number, and soluble Aβ levels in brain tissue in the Tg2576 mouse model of Alzheimer's disease (AD). Voluntary running animals spent more time investigating a novel object in a recognition memory paradigm than all other groups. Also, voluntary running animals showed fewer thioflavine S stained plaques than all other groups, whereas forced running animals showed an intermediate number of plaques between voluntary running and sedentary animals. Both voluntary and forced running animals had larger hippocampal volumes than sedentary animals. However, levels of soluble Aβ-40 or Aβ-42 did not significantly differ among groups. The results indicate that voluntary exercise may be superior to forced exercise for reducing certain aspects of AD-like deficits -i.e., plaque deposition and memory impairment, in a mouse model of AD.
Introduction
Regular physical activity has clear health benefits (Fox et al., 1971; Stummer et al., 1994; Blumenthal et al., 1999; Colcombe and Kramer, 2003; Dishman et al., 2006) . However, the results of epidemiological studies of physical activity in patients with dementing disorders, such as Alzheimer's disease (AD), have been inconsistent, some reporting an inverse association between physical activity and cognitive decline (Laurin et al., 2001; Rovio et al., 2005) , while others report no relationship (Broe et al., 1998; Verghese et al., 2003) . More recently, exercise has been reported to attenuate behavioral deficits and CNS plaque deposition in a transgenic mouse model of AD (Adlard et al., 2005) , but not in another (Wolf et al., 2006) . Thus, while physical exercise has long been seen to contribute to physical and psychological health, there is now interest in whether it can delay progression of neurodegenerative diseases, such as AD.
The beneficial effects of exercise on stress management in humans are well documented (Dishman, 1997; Starkweather 2007) . In turn, stress is now being identified as a risk factor for the development of dementing disorders, such as AD (Black et al., 1991; Grootendorst et al., 2001; Wilson et al., 2005) . Plasma cortisol levels, a widely used physiological marker of the stress state, have been correlated with the progression of AD (Csernansky et al., 2006) . Further, chronic isolation stress has been reported to accelerate plaque development and cognitive decline (Dong et al., 2004; 2008) in the Tg2576 mouse model of AD. Moreover, acute restraint stress increases interstitial Aβ levels, possibly through a mechanism that involves corticotropinreleasing factor (CRF) and increases in neuronal firing (Kang et al., 2007) .
The circumstances in which exercise occurs may determine its effects on the brain. For example, some human exercise regimens may be considered forced (O'Callaghan et al., 2007) , and therefore could have deleterious effects on health by increasing stress levels. In most studies using animal models of neurodegenerative disorders, exercise is administered in a "voluntary" fashion; yet, forced exercise has also been shown to improve cognitive function in such models (Albeck et al., 2006; Ang et al., 2006) . This would seem contrary to the conceptualization of forced exercise as "stressful" (Narath et al., 2001) . In support of forced exercise as a stressful experience, forced exercise has been reported to increase hypothalamic CRF activity more than voluntary exercise in rodents (Yanagita et al., 2007) .
The purpose of our study was to differentiate between the effects of voluntary and forced exercise on specific features of Alzheimer's disease, the dependent variable being the exercise regimen, therefore Neurobiology of Disease 35 (2009) [426] [427] [428] [429] [430] [431] [432] 
